. This analysis consisted of the entire Malacca River watershed area. Changes may provide information on determinant of river water quality in future. Based on LULC monitoring and future simulation approach, the results may be used in an early warning system by demonstrating trend and consequences of changes in watershed. Continuous downward trends for vegetation area, open space area, and water bodies are due to expansion in non-industrial area, industrial area, and farming areas that increase contamination in the Malacca River. The findings demonstrate the need for more regulation in land use policy design, planning, and development for the protection of river water quality.
Introduction
Anthropogenic activities negatively affect the conditions of the world's water. Various studies have estimated that half of the world's water quality has decreased due to human activities (Aris et al., 2013; Najar and Khan, 2012) , and this condition has continuously worsened until today (Hua, 2017; Rosli et al., 2015) . According to Hua et al. (2016) , the main characteristic to cause contamination and detected as pollutant sources are residential, industrial, and agricultural activities. This matter is confidently supported by a majority of researchers (Aris et al., 2013; Hua, 2017; Hua et al., 2016; Rosli et al., 2015; Wan et al., 2014) . Human alteration of cities engineered toward the land use land cover (LULC) change drastically results in negative impact on water quality, especially in rivers (Wan et al., 2014; Yang et al., 2012) . Based on the evidence, contaminated rivers could threaten aquatic animal, reduce the availability of quality water. This will affect the flora and fauna, as well as affecting the climate at a regional scale (Carey and Fulweiler, 2012; Wan et al., 2014) . Hence, it has become essential to obtain an understanding of how recent trajectories of land use will manifest in the future (Parsa et al., 2016; Subedi et al., 2013) .
LULC change models are usually applied to detect location of the changes occurred or will potentially occur (Halmy et al., 2015; Yagoub and Al Bizreh, 2014) . By determining the factors of the changes, the models benefit through providing probabilistic prediction of possible changes may occur (Halmy et al., 2015 
Materials and Methods

Study Area
Malacca state is located in southwest Peninsular Malaysia at 2°23 '16. 08"N to 2°24'52.27"N latitude and 102°10'36.45"E to 102°29'17.68"E for longitude. Malacca state has a catchment area of approximately 670 km 2 and contains an 80 km length of Malacca River flowing through Alor Gajah and Malacca Central (Figure 1 ). Malacca state also has a reservoir located between Alor Gajah and Malacca Central called the Durian Tunggal Reservoir; with a catchment of 20 km 2 . This reservoir supplies water to Malacca residents. Increasing local population has led to increasing public facilities such as transport, healthcare, accommodation, sewage and water supply services (Hua, 2017; Rosli et al., 2015) . Due to drastic population growth, rapid urban development in Malacca state also increased; especially demanding from the land use perspective. A majority of residential activities are centralized in the city, which extends about 10 km to the west, the east, as well as the north for 20 km. Land use changes is continuously develop until today. Indirectly, these actions have contributed to economic growth and social relationships, including impacting the environmental quality of the water in the Malacca River. 
Data Collection
Remotely sensed data have been widely used as a very cost effective mean to obtain geo-referred data and maps for evaluation and monitoring LULC. Three LULC data sets of the Malacca River watershed were obtain from USGS Earth Explorer dated 2001, 2008, and 2015 and used in this study. These three data sets are considered suitable with cloudfree spatial coverage and relatively high spatial and spectral resolution of satellite images. Remote sensing images of Landsat satellites were selected for the investigation of longterm variations in LULC types in the study area ( Table 1) . After the limitations and constraints regarding of the data were taken into account, a 14-years period or time-span was found appropriate for monitoring and evaluation of LULC dynamic. The steps of the research study are shown in Figure 2 . 
Data Pre-Processing and Image Classification
Preprocessing of satellite images is essential and aims at the unique goal of establishing a more direct linkage between data and the biophysical phenomena it represents (Parsa et al., 2016) . Pre-processing is accomplished using ArcGIS version 10.0 for geo-referencing, mosaicking and sub setting of the image for the Area of Interest (AOI). Landsat 8 image underwent spatial sharpening using the panchromatic bands, which resulted in a 15m resolution. Meanwhile 
Class Name Description
Vegetation Area Includes all agricultural lands and forest fields.
Non-Industrial Area
Includes all residential, commercial, administration, cemetery and transportation, as well as sewage treatment plant (include individual septic tank).
Industrial Area Includes all industrial area.
Water Bodies Includes all water bodies (river, lakes, gravels, stream, canals, and reservoirs).
Open Space Area Includes all land areas that exposed soil and barren area influenced by human.
Farming Area Includes all animal husbandry (or farming) area.
Accuracy Assessment
Accuracy assessments for the 2001, 2008, and 2015 images were carried out to determine the quality of information provided from the data. If the data are to be used for change detection analysis, it is important to conduct accuracy assessment for individual classification (Behera et al., 2012) . Kappa tests are used to measuring the accuracy of classification as the test is able to account all elements in confusion matrix including diagonal elements (Halmy et al., 2015) . The Kappa test is a measure between predefined producer rating and user assigned rating, which can be expressed in the formula as:
where P(A) is the number of time the k raters agree, and P(E) is the number of time the k raters are expected to agree only by chance (El-Kawy et al., 2011; Pontius and Millones, 2011). Meanwhile, user accuracy can be defined as the probability of a pixel on the image actually representing a class on the ground. Producer's accuracy indicates the probability a pixel being correctly classified and is mainly used to determine how well an area can be classified (Pontius and Millones, 2011 Weng (2010) , the minimum level for accuracy assessment in identification of LULC categories in remote sensing data should be at least 85%. Afterwards, the data is exported into an ASCII text file to enable for further analysis in ArcGIS version 10.
LULC Change Detection Analysis
In performing LULC change detection, the post-classification detection method is applied in the IDRISI Selva environment v.17, which involves two classified images to make a comparison to produce change information on a pixel basis. In other words, the interpretation between two image provide will provide changes "-from, -to" information. Classified images from two different data sets are compared using cross-tabulation in determining qualitative and quantitative aspects of changes for periods from 2001 to 2015. The magnitude of change and percentage of changes can be expressed in a simple formula as follows:
where K is magnitude of changes, A is percentage of changes, F is first data, and I is reference data (Mahmud and Achide, 2012). Additional, prediction or estimation of LULC changes for 2029 will also use IDRISI Selva environment v.17. This research study uses LULC techniques in remote sensing to determine differences and define the percentage of land use changes within that time, as well as estimation for the next 14 years.
Markov Chain Model Analysis
The 
CA-Markov Chain Model
The 'Cellular Automata' and 'Markov Chain' models are considered to be advantageous for modeling land use changes (Mishra and Rai, 2016; Parsa et al., 2016) . The issues involved when a Markov chain model lacks spatially referred output and transition probabilities may be accurate on a categorical basis, there are no specifications on spatial distribution of each land use category occurrence (Arsanjani et al., 2013) . Cellular automata added into a Markov model lead to probable spatial transitions occurring in particular area over a period time (Subedi et al., 2013) . In other words, the quantity of changes from the Markov Chain model then are made geo-referred and spatial through cellular automata (Mishra and Rai, 2016) . The CA-Markov model uses Markov Chain analysis outputs, particularly the Transition Area file, to apply a contiguity filter to enable the development of other land use characteristics from time two into a later time period (Parsa et al., 2016) . The CA is able to develop a weighting spatial on the particular areas which have approximately the same to the existing land use based on classes, and it is not random (Subedi et al., 2013) . Hence, the CA-Markov model is considered a robust approach because of the quantitative estimation and the spatial and temporal dynamic it has for modeling the LULC dynamic (Arsanjani et 
Validating LULC Prediction Model
In order to avoid miscalculation, investigation between actual image and simulated image will be carried out, where the model's output was compared to a present or actual land use 
Results
LULC maps assessment
The images show that the LULC maps significantly change from one class to another class ( Figure 3) . Based on general observation, drastic changes can be detected on water bodies between 2001 to 2015 [ Figure 3 (a) and (c)], as most of these classes change from blue into green color and the area becomes smaller-scale. In other words, the water bodies coverage is suspected to transform into vegetation area, which refers as agriculture activities that carried out within the reservoir. Meanwhile, the non-industrial area is suspected to increase by a big margin, especially in the urban area. Majority classes that converted into non-industrial area are vegetation area and open space area. Only the small scale is subjected to the changes that occur in sub-urban and rural areas. At the same time, small scale shows an increase in industrial area, which is likely to be converted from open space area.
Continuously, the LULC map changes from 2015 to 2029 indicate that majority activities are converted from vegetation area into non-industrial and industrial area. At the same time, several areas on open space classes are also having converted into non-industrial area. The non-industrial area having big margin in conversion of development, followed by industrial area that have partially big scale in increasing the area for development purposes. Most of the development is occur in sub-urban and rural area. This rapid development shows positive impact towards the urbanization and modernization in Malacca state.
Validating LULC prediction model
In order to validate the LULC prediction given by the CA-Markov model, the simulated land use areas were used to compare the actual present land use areas. Table 3 indicates that industrial area, water bodies, and farming area have the best agreement. The simulated areas are 2628 ha, 1104 ha and 854 ha, while the actual area is 2660 ha, 1103 ha and 869 ha respectively. The simulated LULC map shows that nonindustrial area, industrial area, and farming area are underestimated; while vegetation area, open space area, and water bodies are overestimated. Hence, the detailed statistical analysis based on the Kappa coefficient is used to measure the overall agreement of matrix, the ratio diagonal values summation versus total number of pixel counts within matrix, and the non-diagonal elements will be the best approach to assess the model accuracy (Arsanjani et al., 2013) .
A kappa value of 0 illustrates the agreement between actual and reference map (equals chance agreement), the upper and lower limit of kappa is +1.00 (its occur when the is total agreement) and -1.00 (its happen when agreement is less chance (Arsanjani et al., 2013) . The accuracy assessment process was done using VALIDATE module in IDRISI Selva environment v.17. The results indicate K values (Kno = 0.878; Klocation = 0.863; KlocationStrata = 0.863; Kstandard = 0.843) above 0.8 showing satisfactory level of accuracy. According to Viera and Garrett (2005) , if the results are greater than 0.8 for each kappa index agreement, then the K statistics are considered accurate. Therefore, CAMarkov modeling is suitable for accurate prediction of future LULCs. This may be useful in this study for environmental management decision making and planning which involve the water quality of Malacca River. Table 4 , where the activities carry out in Malacca River basin can be classes into vegetation area, non-industrial area, industrial area, open space area, water bodies, and farming area. According to LULC changes between 2001 to 2008 ( Table 5) , vegetation area and open space area are likely to be transform into nonindustrial area (with 22.36% and 24.31%) and industrial area (with 3.13% and 2.04%) respectively. Water bodies is suspected to be decline about 66.57% and change into vegetation area, where this situation happen due to the sufficient water supply and fertile soil leads to the agriculture activities could be carried out. Based on the Figure 3 (a) and (b), the agriculture activities are likely to occur in north-east area especially surrounding the reservoir. Meanwhile, open space area is also subjected to transform into vegetation area with 7.07%. Only a small percentage is detected to convert from vegetation area into farming area with 0.05%, indicating that a minority of animal husbandry is carried out on a small scale and mostly being conducted by local residents. The demand for development is detected to increase for the next 7 years, from 2008 to 2015. This situation spurred by the recognition of Malacca state as a historical tourism by UNESCO in 2007, where the condition increasing the development activities especially involve with non-industrial area and industrial area [ Table 6 and Figure 3(c) ]. For example, commercial activities such as restaurants, shopping center, and hotels will be built up in a big margin to provide adequate services for tourists. Directly, vegetation area will continuously decline into non-industrial area (with 7613802 ha), industrial area (with 1430374 ha), and open space area (with 4052.05 ha). At the same time, the open space area will also become a 'victim' of development by transforming into non-industrial area (with 634941 ha) and industrial area (with 158432.3 ha). The development of industrial and commercial activities provides job opportunities, attracting the people to centralize in urban areas of Malacca state. Hence, migration of local residents from rural areas and non-local residents into the Malacca state has increased the development activities that boosted into sub-urban area in providing residential area to the people. Indirectly, water bodies coverage will continue being pressure to be decline in quantity in supplying area to vegetation with 560683.2 ha; while farming area is subjected to be increase equivalent with non-industrial and industrial area, which converted from vegetation area for 283643. Overall, the continuous development that occur for 14 years began from 2001 to 2015 is non-industrial and industrial area which converted from vegetation area into 11009434.1 ha (27.02%) and 1752056.5 ha (4.30%) respectively; while reducing coverage area is detected from the change of water bodies (2589000 ha) into vegetation area for 1992494.4 ha (76.96%), and open space area (2021500 ha) transform into non-industrial area with 894513.75 ha (44.25%), industrial area with 162528.6 ha (8.04%), and vegetation area with 106533.05 ha (5.27%) ( Table 7) . Meanwhile, the simulated future LULC changes for 14 years from 2015 to 2029 indicate that the statistics for non-industrial area, industrial area, and farming area continue to climb ( Table 8 ). The vegetation activities keep 'donating' area into non-industrial area with 25.97%, industrial area with 4.13%, and farming area with 0.56%. At the same time, open space activities are transforming into non-industrial area at 17.67% and industrial area at 4.24%. Water body coverage will be pressured by vegetation area for 34.36% or 365590 ha to provide agricultural activities for local residents. 
LULC change detection
LULC change can be described in
Discussion
The Markov chain model becomes an important model to describe probability movements of an individual in a system comprised of discrete states. When applying in land used perspective, Markov chains are often used to specify both time and a finite set of states as discrete values (Subedi et al., 2013) . Transitions between the states of the system are recorded in the forms of a transition matrix that recorded the probability of moving from one state to another state (Behera et al., 2012) . Applications of Markov chains in urban and non-urban land use began in the 1970s as an alternative to the use of a largescale area in simulation models for land use forecasting (Arsanjani et al., 2013) . Advantage in determining the development trend and benefit in predicting the state of future leading the Markov chain model are continuously applied in various research studies. As proved, the model's applicability and feasibility had been testified in many research papers and its results approximately conform to observed results (Arsanjani et future, which can be described in Table 8 as transitional probability matrices and as a prediction of LULC statistic for year 2029.
Built-Up Area
Previous studies on water resources through statistical analysis indicate the source of pollutants for river water contamination can involve with residential activities, septic tank and sewage treatment plant activities, farming activities (or animal husbandry activities), and industrial activities; which can be grouped together to classified as built-up area to bring negative impact to the Malacca River (Hua, 2017; Hua et al., 2016) . According to Hua (2017) and Rosli et al (2015) stated that Malacca River water quality is detected pollution by physico-chemical and biological parameters, which occur due to major source of pollutants from residential area, industrial area, and agricultural activities. These activities are carried out in urban and sub-urban area. On the other hands, LULC changes from the year 2001 to 2008 and 2008 to 2015 signify the demands towards built-up area category are continuously increasing. In other words, larger scale usage of the LULC area for human activities could increase the percentage of river pollution through the contribution of pollutant sources. Indirectly, increasing demand for land used will develop various categories of activities, which will increase the contamination in the Malacca River. Simultaneously, future land used statistic indicate 11462471 ha (70.32%) in continue 'addon' for built-up area will estimate the possibilities of river water pollution to changes from clean to slightly polluted or slightly polluted into polluted condition.
Agriculture Land
According to the statistical analysis, agriculture activities are confirmed to be categorized as one element to contribute as a pollutant source. As additional evidence, although LULC changes in agriculture perspective are decreasing from 2001 to 2008 and increasing in a small percentage from 2008 to 2015 (Table 5 and Table 6 ); however, larger fertilizer and chemical pesticide usage in agriculture activities will contribute non-point source pollution through surface runoff towards the Malacca River. The main focus on development of agricultural land happened in 2008; majority of water category was converted into open space as a preparation for agricultural activities. When the prediction of land used in 2015 to 2029 is estimated, possibility agricultural lands will conquest the water coverage area due to the nature of fertile soil. Moreover, the demands for built-up activities development in 'north-west' area are higher percentage, which may cause the agriculture land to shift from 'north-west' area into 'north-east' area. Nevertheless, even agriculture activities are estimated to reduce in land used area for about -11559586 ha (70.91%), it is not possible to prevent further contamination to occur in the Malacca River. The main reason to cause this condition to happen is the human population increase drastically causing demand towards residences, job opportunities, food sources, facilities and services to increase. Indirectly, open space activities would also bring non-point source pollution through rapid surface runoff from soil erosion; and oil, grease and toxic chemicals from driveways and roads. Although there is probability to reduce pollution by reducing open space category between the year 2008 to 2015, but the percentage to increase pollutant sources through various human activities will still continue to happen. This is due to the number of land areas converted into built-up areas. Unfortunately, future prediction for the open space category are continue to be negative about 283187 (1.73%), which contribute to the land used activities or build-up area that serve the interest of the people without awareness of environment that would probably continuous to contaminate the Malacca River.
Water Coverage and Open Space Area
Conclusion
This study has shown the important role of LULC in Malacca River watershed in providing proper information in time for decision making concerning the degradation of river water quality. The above-mentioned method for extraction of LULC maps (2001, 2008, and 2015) , and the simulation used to predict the future LULC (2029) aided by the CA-Markov modeling, have allowed the researcher to obtain information from analysis of LULCs in respect to the type and the extent of each LULC, while illustrating LULC conversions for the whole watershed in the study area. Generally, the results of this study indicate that supervised classification of remote sensing images is a robust mean of extracting appropriate LULC maps. The ability of simulation model in prediction proved to be good, while the CA-Markov model is a useful tool for LULC prediction (especially in quantitative and qualitative). Therefore, the CA-Markov model is important to land use policy design and planning especially involve with LULC development, which requires a framework for archiving the goals and objectives of sustainable land use development.
The Malacca River has experienced contamination due to the increasing of population, industrial development, agricultural expansion and forest degradation, and this has resulted to uncontrolled and unmanageable of LULC development. Therefore, continuous development has led to increasing pollution and aquatic ecosystem degradation, biodiversity resources destruction, as well as environmental damage in the watershed.
